: History.-The story of the use of metal in bone surgery has not been a particularly happy one. Pioneers such as Lane and Lambotte were striving after perfect reduction and secure fixation in the treatment of fractures, but their efforts were spoilt by the use of unsuitable metal. The use of metal in bone surgery presents two problems:
action. The tests were therefore designed to comr a -e the relative rates of electro-chemical attack on two types of stainless steel and on the non-ferrous alloy Vitallium.
If two different metals are in contact and are immersed in an electrolyte such as a body fluid, one metal will become electrically positive relative to the other. Current will flow from metal to metal through the point of contact from the positive metal to the negative metal. The circuit is completed by the current flowing through the electrolyte, from negative metal to positive metal. Thus an electrolytic cell is formed in which the negative metal is the anode and the positive metal is the cathode.
If the electrolyte contains Cl ions these will migrate to the anodic metal and give rise to chemical attack. The result is usually oxidation of the attacked metal. Some metals, such as those under consideration here, tend to form oxide films which have a high resistance to penetration by ions. Should a perfect oxide film be established this will suppress all further attack and the metal is said to have become "passive". The metal which is "cathodic" experiences no attack under these simple basic conditions. If two identical metals are used to form a cell then no electrical potential difference is created between them, no current flows and there is no attack. In practice it is virtually impossible to produce metal components of identical material. Plates and screws for example will be produced from different metal stocks and although of the same nominal composition there will inevitably be some slight differences. Surface working during machining operations will itself create some degree of electrical potential. The creation of a passive oxide film on the anodic metal must therefore be the main barrier against corrosion.
It has been established that the presence of molybdenum in an alloy is an aid to the establishment of a barrier film of oxide and recommendations have been made that if stainless steel is to be used for internal fixation it should contain some 2i % to 31 % molybdenum.
Production of screws is simplified if one of the "free-cutting" stainless steels such as Firth's EMS is used. This contains only 0 3 % molybdenum. There is an obvious danger of strong corrosive attack if EMS screws are used in conjunction with molybdenum steel plates.
MATERIALS TESTED
With the various stainless steels, corrosion must be expected. The worst conditions are when two different steels are used in conjunction. Plates and screws made of the same material will corrode, even when both contain 21% to 3j% molybdenum. The screw is anodic and, therefore, suffers greater attack than the plate. Vitallium screws used with FMB stainless steel plate are not attacked; the plate being anodic does show some evidence of corrosion but not more than when used with a stainless steel screw of the same composition.
As a result of these experiments I have been using Vitallium screws and stainless steel plates ever since 1942 and have never seen any reaction around the screws, although there has often been considerable corrosion around the plate. The only difficulty with regard to the use of Vitallium screws is that, after being in for some years, they tend to bond on to the bone and may be extremely difficult to remove. In many instances, however, where screws of stainless steel have been used with a nail and plate of the same composition, FMB, there has been considerable reaction around where the screws and plate are in contact and the screws become loose in time. The experience in the use of these metals in the body over a period of fifteen years or so has confirmed the conclusions arrived at by Mr.D.H.McCracken.
B. INDICATIONS FOR THE USE OF METAL IN BONE SURGERY
Stainless steel of the variety known as FMB appears in practice to be quite satisfactory where a temporary fixation is required, e.g. in cases of fractures and arthrodesis operations, but where a permanent metallic insert is required to remain tightly bonded on to the bone as a functioning prosthesis, for example in the various types of arthroplasties, then undoubtedly chromium cobalt alloy is not only the most satisfactory, but in my opinion is at present the only material to use.
A lag-screw arthrodesis of the hip (McKee, 1957) is a good example of the use of stainless steel for fixation and compression; fixation was sufficient to avoid the use of plaster in 76% of the cases. The nail and plate for pertrochanteric fractures and the Kuntscher nail for fractures of the femoral shaft are further examples of the use of stainless steel as a means of temporary fixation.
Many years ago, soon after cup arthroplasties had become popular in 1939, 1 designed an artificial hip-joint, but it was not until a lag screw had been used for an arthrodesis of the hip that it was realized that the most satisfactory way of securing an adequate hold on the ilium was by a large coarse-threaded screw. In fact this type of screw obtains such a firm grip that the idea to develop a ball and socket joint at the hip level, so as to retain a certain amount of mobility, was a fairly obvious one (Fig. 1 ). In the first series the lower end of the joint was fixed by a plate to the lateral aspect of the femoral shaft in the same way as in the lag-screw arthrodesis. Three artificial hip-joints were made up in this way (Fig. 2) , and they all proved very satisfactory to start with, but in each case the stainless steel screws eventually loosened or the neck of the stainless steel plate fractured with resultant failure.
These 3 cases were failures because of the use of unsuitable metal, but they convinced me that the artificial hip-joint offered unique advantages as a form of arthroplasty, especially in cases where the acetabulum was corroded. A design for the manufacture of an artificial hip-joint entirely in chromium cobalt alloy (Vinertia) was developed, using a larger ball, and the suggestion of Mr. John Bunyan to use a tulip cup with three petals to grip the ball eliminated the complicated screw rim which had been previously used (Fig. 3 ).
This design has been used in 5 cases since May 1956, and the acetabular portion has been found to be most satisfactory; the design of the femoral portion has, however, had to be altered. First of all, a femoral blade, like those used on Thompson's prosthesis was tried, but as the first cases were salvage operations for failed acrylic prosthesis, the grip in the hollowed-out neck of the femur was not felt to be adequate, and eventually a broad coarse screw was used, long enough to traverse the whole neck, and engage the thick strong lateral femoral cortex; this gives an exceptionally secure fixation even where the neck of the femur is just a shell (Figs. 3 and 4) . It is too early to make any extravagant claims, but with the use of Vinertia there is every reason to expect that it will last in the body for many years.
The first few cases were fairly desperate ones where pain was a prominent symptom; the roof of the acetabulum having gradually eroded away and the acrylic prosthesis being broken or loose. The replacement by an artificial hip-joint seemed to offer a better answer to this problem than any other form of arthroplasty because it reconstructed the acetabulum, and the results so far show that these patients have steadily improved month by month as regards losing their pain and increasing their activities. The fixation obtained by the latest design has been so satisfactory that its application has been extended to bilateral cases in old people, and to unilateral cases if arthritic changes are present in the lumbar spine.
The follow-up of these cases so far indicates that the artificial hip-joint offers a functional result comparable with arthrodesis, but without the disadvantages of a completely fixed hip. The range of movement obtained is not as full as in a normal joint, but it does enable the old patient to sit down in comfort. Before this type of operation is carried out, symptoms Section of Orthopaxdics must be of a considerable degree of severity, and if in doubt the patient must be kept under observation for several months or even a year or two before operation. The artificial hip-joint does, however, help to solve the problem of the failed acrylic prosthesis especially where the acetabulum has become eroded.
Reference.-McKEE, G. K. (1957) J. Bone Jt. Surg. 39B. In press. Mr. John Charnley (Manchester): The Reaction of Bone to Metal I wish to consider the mechanical factors, that is to say simple mechanical stresses and strains, which may be concerned in the loosening of metallic fixation in bone.
There are two different aspects to be considered: (1) the short-term problem, seen in the internal fixation of fractures, where successful union of the fracture renders the internal splint functionless, and (2) the long-term problem, seen in prosthetic replacements, where the metallic implant is expected permanently to bond itself to bone and share in the transmission of stress and strain without loosening. I shall confine my remarks to the mechanical causes of the loosening of metallic fixation because I do not believe that electro-chemical reactions which can occur between metals of slightly dissimilar composition present anything more than a subsidiary problem. While it is obvious that all forms of corrosion must be eliminated in prostheses which are to remain permanently in the body, the problem is quite different in the short-term function of internal fixation in the union of fractures. Electro-chemical reactions are situated at a considerable distance from the fracture site, and I think it would be more profitable to re-study the whole problem of internal fixation in relation to the biology of fracture union rather than transfer blame to small technical defects in modern apparatus. We must not forget that Arbuthnot Lane established the internal fixation of fractures even though he used plates of reactive steel held by brass screws, a combination infinitely worse than any we use at the present moment.
When we consider the mechanical factors responsible for the loosening of metallic fixation, I suggest that the following features are worthy of special consideration:
(1) The reaction of bone to metal in the absence of transmitted stress.-It is no uncommon experience to find it impossible to extract screws from a plated fracture if there has been an interval of months or years after union has taken place. One explanation of this difficulty is that new bone grows into the "flutes" of the self-tapping end and so locks the screw against rotation, but this small amount of new bone would present no great resistance to shearing if the rest of the screw were free to turn in the bone. Difficulty in extracting stainless steel screws is even harder to explain than in cobalt chromium alloy screws, because the latter have a matt finish and one can imagine that the encroachment of new bone on such a rough surface would produce much greater frictional resistance than would be possible by the encroachment of new bone on to the highly polished thread presented by a stainless steel screw.
It seems reasonable to accept as a fact that, in the absence of transmitted stress following the union of a fracture, living bone can sometimes grip the polished surface of a non-toxic metal with a greater force than at the time of its insertion. We can therefore deduce that there is no fundamental antagonism between a relatively inert metallic surface and living bone in contact with it, and therefore that any resorption of the bone in contact with such a metallic surface is most likely to be the result of transmitted mechanical stress.
(2) The reaction of bone to metal, with transmitted stress, in the presence of slight motion between metal and bone.-If, as a result of technical difficulties, a metallic internal fixation is slightly loose at the end of an operation, it will never spontaneously tighten; it will, in fact, continuously and progressively become looser and the result will almost invariably be a failure.
It is difficult to be sure whether the progressive loosening of unsound mechanical fixation is the result of simple mechanical friction between the metal and the bone, or whether it is a biological process of resorption; it is probably both. A common example of this type of loosening is seen when a 4 mm. Steinmann nail is inserted through the tibial tubercle for the treatment of a fractured shaft of femur by traction. At the time of insertion this nail may be quite tight in the bone, but only too often the stirrup which is attached to the nail has a defective swivelling mechanism which prevents the stirrup. turning freely on the nail without transmitting a torque to the nail and so loosening it in the bone. The same argument is against using the Kirschner wire for skeletal traction. Progressive loosening occurs even more quickly than with the Steinmann nail also because of the much higher loading, in terms of pounds to the square inch.
Motion between metal and bone and the tendency to induce mild bacterial infection.-When metal is moving against a bone surface there is always a tendency for bacterial infection to supervene, which introduces an additional cause for loosening of the metal. In the case of a Steinmann nail in the tibial tubercle the tract of infection through the skin is obvious. But much less obvious is the spontaneous appearance of infection in cases of internal fixation where no communication with the skin exists. Hey Groves (1921) , in experiments on the plating of fractures in cats, observed that when metallic fixation was inadequate, his experiments often became infected spontaneously. When, however, he used a long plate, and thereby obtained effective internal fixation, his experiments healed without infection. He decided that short plates, permitting a certain amount of motion between metal and bone, caused a collection of serous fluid at the operation site which later attracted bacterial infection.
I believe that this observation can be transferred to the surgery of the human subject. The size of the metallic implant is not related to the tendency to become infected; it is safer to have a bulky metallic fixation which is mechanically effective than a small implant which is inefficient. This is one reason why I believe that implants used in arthroplasty will always have a significant post-operative infection rate in comparison with soundly conceived procedures designed to achieve arthrodesis, because in the latter movement between metal and bone is avoided.
(3) The reaction of bone to metal, with transmitted stress, in the absence of motion between bone and metal.-It is an elementary engineering axiom that stress cannot exist without strain; i.e. if a force is applied to a structure the latter will be deflected or distorted according to the magnitude of the force and the elasticity of the structure. The essential feature is that, up to a certain point, during the application of stress to bone through a metallic fixation a molecular distortion of the bone can take place without any movement occurring between the surface of the metal and the bone itself. It is obvious therefore that stress can be applied to bone only up to certain limits of elasticity; beyond this point, crushing of the bone will occur and an infinitely small degree of mechanical loosening of the fixation will result; thereafter a train of events will follow, causing progressive loosening.
Where stress is applied to bone in constantly the same direction, without motion between metal and bone, living bone can frequently resist the action of powerful mechanical forces for several months. My observations are contrary to the accepted idea that living bone will melt away when a metallic object is pressed against it, just as a wire will cut through a block of ice. In compression arthrodesis of the knee I invariably apply a force exceeding 100 lb., yet it is a common experience to find that one, or both, of the nails may still offer resistance to extraction four weeks later. Calculations show that the load on the transfixed cortex exceeds 1,500 lb. per sq. in., and it is astonishing, but true, that after four weeks under this force such a nail often can still be tight in the bone. Fig. 1 shows how differently cortical bone and cancellous bone react under high mechanical pressure. In an anklejoint fused by compression the tracks of the nails through which the compression force was originally inserted are still clearly visible in the X-ray. It will be observed that the hole in the dense cortical bone of the lower end of the tibia shows no reaction whatsoever; the hole is perfectly circular and shows no ovality, as one might expect if some absorption took place. The nail extracted from this site was quite firm four weeks after the operation. This lack of reaction strongly suggests that the cortical bone at this point of the tibia is extremely inert. On the other hand, the track of the distal nail through the cancellous bone of the talus shows that there has been a considerable sclerosing reaction under the influence of the pressure. It will be observed that the response of the cancellous bone is not an osteoclastic response; it is on the contrary the reaction of sclerosis resisting pressure.
Observations on spring-loaded screws.-I have had considerable experience with the application of spring-loaded pressure to cancellous bone, using screws with large-diameter helical threads. If the screw is protected from angulating strains and a pure longitudinal pull is applied, the spring will retain its pressure for even as long as one year before the spring opens to its full length. It is too early at the moment to make any positive calculation from these observations, but it is my impression based on calculations of the total surface area of the helical threads that, provided the pressure is constantly in one direction and no movement takes place between metal and bone, cancellous bone can resist a pressure of probably more FrG. 1. than 25, and something less than 50 lb./sq. in. for longer than six months before finally yielding to the pull of the spring. When the screw is first inserted the traction force will be exerted principally on the first one or two helices and will thus shield the remaining helices from the full force of the spring. If this force is too great for the mechanical strength of the bone some collapse will occur until all the helices receive approximately the same thrust. I take this opportunity of making the suggestion that experiments with spring-loaded screws applied to suitable animals would yield fundamental information on the reaction of living cancellous bone to pressure in the absence of movement. This could be done in the absence of fractures which in the human subject always complicate the interpretation of extrusion of the screw under spring-loading.
Osteoclasis and remodelling.-The reaction of bone to the stress applied to it through a metallic fixation depends on the duration of the stress. Three phases of duration can be distinguished. The earliest phase is that of simple mechanical loosening, caused by forces too great for the strength of the bone, or by forces acting in irregular directions which the fixation may not be designed to resist. This type of mechanical loosening will occur within minutes, hours, or days of the operation. If the force acts continuously in one direction, the second phase, I believe, is an osteogenic reaction designed to resist the applied stress. Cortical bone shows very little osteogenic reaction, but cancellous bone reacts vigorously. This osteogenic phase I believe lasts from one to two months. Beyond this time the third phase commences, which is the process of "remodelling". Here a balanced process of osteogenesis and osteoclasis is in action simultaneously with the object of neutralizing the applied stress. This phase lasts very many months and it is the mechanism underlying Wolff's law of the adaptation of bone architecture to function. If a spring-loaded compression screw is applied to bone this final phase (remodelling) will permit the screw slowly to extrude until all spring pressure is abolished and equilibrium is again attained. It is to be clearly understood that in this process the cancellous bone engaging the screw moves with the screw-a process quite different from the mechanical shearing of bone under excessive force.
CONCLUSIONS
The short-term problem.-Healthy cortical bone is remarkably inert during the first four weeks and can resist pressure between 1,000 and 2,000 lb./sq. in. without mechanical collapse or biological resorption. This resistance is only possible if no friction occurs between the metal and the bone.
Close texture cancellous bone can resist pressure of over 25 lb./sq. in. during the first four weeks and this resistance is accompanied by a vigorous osteogenic response. Even more than cortical bone, cancellous bone is only able to resist pressure in a constant direction and in the absence of friction.
The long-term problem.-After the initial period of one or two months the reaction of bone to an implant is totally directed to neutralizing local mechanical pressures by the process of "remodelling". Just how small is the minimumpressure needed to start this process of remodelling is unknown; it is probably exceedingly small because it is well known that even cortical bone will remodel under the gentle pressure of a ganglion if the latter presses against it for several years. It would therefore seem unlikely that a permanent metallic prosthesis, intended to carry the weight of the body, could ever be constructed with a method of attachment to the bone designed to diffuse the load over a large surface area such that the pressure would be reduced below that which would initiate remodelling. The problem is rendered all the more impossible when one realizes that any bone-to-metal bond would be exposed to a multitude of stress reversals in a variety of unpredictable directions. The use of metal in orthopedic surgery is frequently criticized. Some of the criticisms are justified: others are not. One that requires careful scrutiny is the suggestion that metal causes infection.
There is no question that corroding metal has often caused inflammation, particularly in the early days of its use. I am careful to use the word "inflammation" because I believe a mistake has been to assume that inflammation signifies infection. Inflammation can be caused in other ways than by infection, however; it can be caused by mechanical irritation and by toxic chemicals. I suggest that, in fracture surgery at least, infection has in fact neverbeen a common cause of inflammation and that often it has been assumed guilty when the real cause has been overlooked.
The toxic chemicals referred to are -the products of corrosion of metal, namely, compounds of iron, chromium, nickel, molybdenum or manganese. At least two of these are known for their poisonous properties in other spheres. Our experience at the Birmingham Accident Hospital of about one hundred cases in the outbreak of 1950-54 described elsewhere (Cater and Hicks, 1956 ) was (i) that corrosion could give rise to inflammation in the absence of infection (Hicks, 1958) ; (ii) that corrosion enabled organisms, both pathogenic and non-pathogenic, sometimes to persist harmlessly in wounds long after they would ordinarily have disappeared; and (iii) that only in a small proportion of cases may corrosion have encouraged secondary infection.
We also realized that the inflammation caused by corrosion, or by corrosion with secondary infection, was indistinguishable, except by histological and sometimes by bacteriological examination, from the inflammation caused by pure infection. Fig. 1 , showing a typical corrosion reaction, illustrates the impossibility of distinguishing clinically.
In thiq narticnilar rnw. q fe.w staphylococci were present but in such small numbers as to make it probable that they were not pathogenic but secondary invaders. (No antibiotic had been given.) In some of our other cases, when there had been no opportunity for secondary infection, no organisms at all could be found. Naked-eye examination of the tissues was n1kn miqlt-ndino, for tht. mt.tnl FIG. 1. was surrounded by what appeared to be typical septic granulation tissue. Only on histological examination were differences recognized. In other cases corrosion presented as a collection of brown fluid which from its naked-eye appearance was called an infected hiematoma. Again culture revealed that some contained no pathogenic organisms and that a few contained no organisms at all.
The -distinction between the inflammation due to toxic chemicals and the inflammation due to bacterial infection is important if treatment is to be correct. The remedy for corrosion is to remove the metal together with its corrosion products, and the remedy for infection is equally specific. Similarly in prevention, it would be quite useless to tighten up aseptic regime in theatre if the real cause for the inflammation were unsuitable metal. This, I suggest, is what we actually have been doing.
Stainless Steels in Surgery
Most of the trouble in surgery has come from the use of unsuitable stainless steels. Only ordinary steel and vanadium steel were used in England for the manufacture of plates (Note that in the conditions obtaining in Non-corrodible steels are printed in ordinary type. the body the term "stainless" is no guarantee of freedom from corrosion.) and screws until about 1935. These metals are now known to have a high incidenceperhaps 100 %of gross corrosion. The change-over to 18/8 stainless steel for plates and screws was not complete until 1938. For Smith-Petersen type nails during these years chrome steel was used and this continued, alternatively with 18/8, until 1941 with 18/8, until . Thus, from 1935 to 1941 two different steels were being sold under the name "stainless", one (the chrome steel) having a high rate of severe corrosion, and the other (the 18/8 or so-called "non-toxic") being relatively safe. The post-war years have been marred by EMS (Cater and Hicks, 1956) . This was a stainless steel with a corrosion rate of up to 40% introduced for certain screws unintentionally in 1950 and sold under the label of "non-toxic" over a four-year period. There has not been any long unbroken period, therefore, during which exclusively safe metal has been sold in this country.
All these changes have been slow to reach the patient and, what is worse, they have been incomplete. Steels from every period covered by this survey have been found in the theatre stocks of some hospitals. Chrome steel and vanadium steel do not even require the stimulus of a dissimilar metal to start corroding. Inflammatory complications may therefore still arise from the use of unsuitable metals, and if the surgeon is unaware of the danger he will naturally conclude that his wounds are becoming infected.
Next I want to show how, as a result, the mistaken idea has been built up that bone is peculiarly susceptible to infection.
Lane was one of the first to assume that the inflammatory reaction he was seeing after plating was due to infection. The no-touch technique was his attempt to carry oligosepsis to an extreme. Surgeons failed to consider the possibility that the steady undercurrent of inflamed wounds might be due to some entirely different cause. A paper by Dahl-Innersen in 1928 represents the uncritical attitude that has persisted ever since: he accepts that infection was the cause of the trouble without ever considering the bacteriology. The signs and symptoms of osteitis which he lists include all the effects that we now know to be produced by pure corrosion, by pure infection and by the two combined. I suggest that for the first forty or fifty years of this century corrosion occurred with great regularity, that it was always mistaken for sepsis and that the whole tradition that bone is particularly susceptible to infection is based upon a fallacy.
It might be argued that even if this is correct it does not matter: unnecessarily elaborate precautions will have been taken for the past forty years but apart from the extra work involved no harm has been done. This is not true, however. A firm teaching based upon the fear of infection has grown up banning internal fixation as a routine treatment for compound fractures. But if any group of fractures is likely to benefit by internal fixation it is the severest group, which will contain most of the compound fractures. Thus the present teaching denies to these fractures a treatment most likely to be useful.
At the Accident Hospital, even before the recent outbreak of corrosion was dealt with, we were convinced that internal fixation had a large place in the treatment of fractures. Of the shaft of the tibia in adults we internally fix two-thirds of the compound fractures and only one-third of the simple fractures. There are no definite rules for selection; this represents a general tendency of the six surgeons to treat worse fractures more drastically.
The result of this policy has not been an overwhelming incidence of infection (see Table  II ). Although internal fixation of compound fractures resulted in an infection-rate two *Infection was defined as: cellulitis, delayed healing of wound, ulcer or sinus lasting over three months or requiring other major treatment or delaying union. There was no case of osteitis and no case of late amputation primarily due to infection. Infection. due to skin slough has been considered separately (see below re skin necrosis). and a half times that of simple fractures, the compounding wounds may be becoming infected because they are compound and not necessarily because they are internally fixed. This is supported by the analysis of compound fractures not internally fixed which, on the same definition of infection, show a rate nearly as high. The 2% difference between the fixed and the conservatively treated compound fractures might be more than accounted for by our tendency to select the worse fractures for internal fixation and the less severe ones for conservative treatment. So far as these figures go there is, therefore, no substantiation for the belief that metal greatly increases the liability to infection in compound fractures. This is not the whole story and it would be wrong to hide the following facts: When the analysis for sepsis was being carried out another complication came to light which proved to be much more serious. This was skin necrosis. Skin necrosis resulting in full thickness slough occurred in a disturbing number of cases. 7 out of the 8 late amputations in 311 fractured tibias were necessitated, partially or entirely, by skin necrosis and the infection that followed it. Although 2 of these 8 amputations had received conservative treatment it must be admitted that the incidence is higher among the internally fixed than among the conservatively treated fractures. The main argument of this paper remains unaffected since this complication is not due to the metal as such but only to the operation for putting it in. Whereas the problem of corrosion has almost been solved, however, the problem of skin necrosis still has to be dealt with before the internal fixation of fractures, simple or compound, can be considered really satisfactory.
Dr. J. M. Zarek 
(London): Some Engineering Considerations in Metallic Osteosynthesis
Metallic osteosynthesis has been of great interest to the surgeon for many centuries. Petronius (in Bates, 1950) in 1565 used gold to repair cleft palates and in 1775, Lapeyode and Sicre (in Venable and Stuck, 1947) used metallic wires for the fixation of fractured bone. In this century the advances in metallurgy have stimulated the surgeon to make a more extensive use of new materials. Some of the new techniques proved to be successful but others resulted in failures exposing the existence of problems which were often not appreciated, and in any case seldom investigated. A great number of these problems are of a metallurgical or engineering nature, and, although of primary importance, for obvious reasons have received very little attention from the medical scientist.
Apart from the bio-mechanical problems affecting the bone a great number of problems exist with the implant itself. Here we have such problems as the material to be used, design, method of manufacture and the final treatment of the implant.
The mechanism of how metallic implants are tolerated by the living tissue is not yet fully understood. Clarke and Hickman (1953) surveyed the past literature and investigated in vitro the possibility of correlating the electrical potentials of metals and their behaviour in biological fluids and suggested that there was a relationship between the anodic back EMF, the corrosion of metals and their behaviour in the living body. Difficulties arise, however, from the fact that implants made of what would appear to be the same material do not behave in exactly the same manner from one case to another. In this country stainless steel of the 18/8 Type (FMB) has been used quite extensively in the operating theatre and examples of the' use of this material will therefore be given to illustrate my thesis.
The following examples illustrate some of the points. Fig. 1 shows a Moore's stainless 1 fs Ic)0\1 1--,.
__:_' 1_ .r_:1_ .__ _r,__ steel (i18/15) nilp prostnes-is wn-icn raiied a few weeks after -insertion. Being of a complex and irregular shape it was made in two parts. The larger part of the sphere was machined and "force-fitted" and welded on to the lower part which, it the femur with a stainless steel intramedullary nail. appears from the macrograph (Fig. 2) , was cast. Because of the lack of correct heat treatment the cast material in the lower part, after etching in aqua regia, shows a marked change in its structure suggesting a change of its physical properties. Also it shows much larger grain structure than the upper part. Points A and B show the weld. It is very important to remember that some stainless steels undergo structural changes when heated in the range of 500°-800°C. When a zone of the welded object reaches that range of temperature, its effect on the steel is referred to as "weld decay", and results in a rapid attack of grain boundaries in a corrosive medium. The part at C, D and E, because of the sudden change of cross-sections, is liable to "freezing in" of internal stresses during the non-uniform process of cooling. Points C, D and E show a high degree of intergranular corrosion of the material which is due to the effect of the above factors. Fig. 3 shows an acrylic prosthesis of the upper part of the femur in which an intramedullary stainless steel nail was used as a method of fixation. When the prosthesis failed examination of the nail showed high degree of corrosion of the part (A) which was covered by the plastic while that part which was in direct contact with the bone or tissue was unattacked. In this example the part of the nail covered by the plastic, because of differential oxygenation, has become anodic (lack of oxygen) in relation to the rest of the nail and caused rapid corrosion. The above simple examples show how important the problem of design and manufacture of a prosthesis is towards a successful surgical procedure. From the engineering point of view further problems, such as fatigue or stress corrosion, are sufficiently well understood to be considered in design. However, in relation to the reconstruction of the human body further points must be considered. At the present moment we do not have a criterion of compatibility of metals to the living cell, we do not know yet why some materials although non-toxic cause post-operative complications. The answer may lie within the field of surface potentials of metals and the electrical properties and the requirements of the living cell.
It is known that when a metal is immersed in an electrolyte a potential difference is set up between the metal and the solution. We have found that the surface potential of stainless steel depends not only upon its composition but also upon its mechanical state and the treatment of the surface during the polishing process.
Experiments (Zarek, 1957) have shown that the surface potential of stainless steel is affected by mechanical working and by the type of polishing used in the finishing process.
Further, it may be of interest to note that stress, whether static or fluctuating, not only increases the rate of corrosion, but has also a very marked effect upon the surface potentials.
Finally, to emphasize the interdependence of some of the factors discussed above let us analyse some of the less obvious problems involved in the use of such a simple implant as a screw and a plate. First let us consider the shape of the thread to be used. The conventional V-shaped form of thread used in engineering is an ideal "stress raiser", producing at the root a high concentration of stress. In engineering practice it is accounted for by using a sufficiently large screw to carry safely the required load. In the human body this would mean larger degree of interference with the living system. So the shape of the thread to be used in bone should be such as to produce as little stress concentration as possible and to keep the size of the screw to a minimum. Further, the fact that concentration of metallic ions at the root of the thread,when in situ, may be different from that at the,top of the thread and so establish a gradient of potential resultihg from the changes of concentration polarization should not be overlooked. Fig. 4 showing the effect of shape of notch (or screw thread) on stress concentration. screw is much greater than in the rounded thread.
In present-day practice the lower surface of the head of the screw is conical in shape to fit the countersunk part of the plate. Corrosion is frequently set up in that part of the screw and plate. However well the plate and the screw may be matched, it is difficult to drive in the screw so that the conical surface of the head of the screw will be in continuous contact with the plate, as this will only happen when the longitudinal axis of the screw is at a right angle to the plate. All other positions will give a local contact between the screw and the plate and so produce a high pressure point of contact, causing local plastic deformation of the metal and subsequent corrosion. A spherical surface of contact between the screw and the plate would minimize this source of trouble. Finally-the screw and the plate should be subjected to a surface treatment which will produce in both the same potential and of the required magnitude for the body to tolerate it.
But what is the required value? The answer to this question must come from the biological scientist and then the complex problem of compatibility will no longer be studied in isolation (Zarek, 1957) .
